RESEARCHES FOR ESTABLISHING THE CONSTRUCTION AND HYDRAULIC ELEMENTS IN CASE OF HYDRAULIC CONSTRUCTIONS ON SLOPING GROUNDS by CALINOVICI, Ioan CALINOVICI
 544 
Bulletin UASVM, Horticulture 65(2)/2008 
pISSN 1843-5254; eISSN 1843-5394 
 
 
RESEARCHES FOR ESTABLISHING THE CONSTRUCTION AND 
HYDRAULIC ELEMENTS IN CASE OF HYDRAULIC 
CONSTRUCTIONS ON SLOPING GROUNDS 
 
Ioan CALINOVICI  
 
University “Aurel Vlaicu” of Arad, Faculty of Food Engineering, Tourism and Environmental 
Protection, Arad, 310330, 2 Elena Drăgoi Street, , ioan_calinovici@yahoo.com 
 
Keywords: erosion, slope ditches, outlets, non-erosional velocity  
 
Abstract: The starting point and the evolution of erosion is a consequence of the dynamic process 
between rain-fall and soil. On the slope grounds, as result of the gradient of the hill side, there is a permanent 
potential danger of starting erosion. Slope ditches and outlets were desinged as antierosion works. The 
determination of  the compensation slope was carried out by verifying the velocity of water discharge resulting 
in case of the mechanical consolidation type by stone masonry a maximum slope of 7 % with a velocity of 




 The starting point and the evolution of erosion is a consequence of the dynamic process 
between rain-fall and soil. On the slope grounds, as result of the gradient of the hill side, there 
is a permanent potential danger of starting erosion [3,4]. 
The development of the sloping grounds in order to control the erosion process of the 
soil includes a series of works like: slope ditches in order to retain or discharge the excess of 
water resulted from torrential rain-falls and outlets for a directed discharge of the flow from 
the hill sides [1]. The steep slope ditches represent a quick mean of excess water discharge, 
and the construction elements and the density of the system depends on the calculated 
quantity of water to be discharged, the slope and the time in which water must be discharged 
[2].  
In our country, the rain-falls in the vegetation period have an important influence on the 
erosion process. The main characteristic of the recent rain-falls is a high hour medium 
intensity. 
 
MATERIALS AND METHODS 
 
The researches were carried out in the hill area of the town Lipova, county of Arad, with 
a view to antierosion developing of a hill side in order to intercept the surface water floods 
resulting from the rain-falls in the vegetation period. In this respect we established the 
hydrotechnical works which shall be executed and their dimensioning. Slope ditches and 
outlets were designed as antierosion works. The calculations for the dimensioning of the slope 
ditches were made as follows: 
 
The water volume which flows from the developed area was calculated by using the 
following relation:  
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Vs = 104 S K H,  , where 
 
Vs =  discharged water volume, in m3, 
S = area of the  hill side, in ha; 
K =  discharge coefficient; 
H = maximum rain in 24 hours with providing 10 %, in m. 
 
The water volume retained by the ditch and dike on 1 linear m length: 
 
Vr = bh + mh2  + h02/(2I) – mh02/2, where 
 
Vr =  total  water volume retained by the ditch and dike, in m3/m; 
b =  width at the bottom  of the ditch, in m; 
 h =  depth of the ditch, in m; 
h0 =  berm of the ditch, in m; 
m =  slope coefficient; 
I = the gradient of the hill side, in %. 
 
The water volume which flows from an area of 1 m2, between two ditches: 
 
Vs1 = S1 K H, where 
 
Vs1 = discharged water volume from an area of 1 m2, in m3/m2; 
S1 = discharging area (1m2); 
The distance between two ditches from which the water, which must be retained, flows: 
D =Vr /Vs1, where 
D =  horizontal distance between two ditches, in m; 
 
The dimensioning of the outlets was made by using the following relations: 
 
Q = 0,167 S K I, where 
 
Q = water discharge, in m3/s; 
K =   discharge coefficient; 
S = the area used by the outlet, in ha 
I = intensity of rain, in mm/min. 
 
The area of the outlet section is established by using the following relation: 
 
ω = Q/V,  where, 
 
ω = section area, in m2; 
Q = water discharge, in m3/s 
V = admissible velocity of water discharge function to the type of consolidation, in  
m/s.  
The construction elements were established for the trapezoidal section of the outlet as 
follows: 
b = (ω-mh2)/h, where 
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b = width at the bottom of the outlet, in m; 
 h =  depth of the outlet, in m; 
m =  slope coefficient; 
 
The verification of the velocity of water discharge through the outlet function to the 
construction elements of the section: 
 
V= C RI , where 
 
V = velocity of discharge, in m /s; 
C =  Chézy coefficient; 
R = hydraulic radius, in m; 
I = the slope (inclination) of the outlet bed, in %. 
C = 1/n Ry, where 
n = coefficient of retardance, function to the water flow to be discharge; 
y = 2,5 n - 0,13 –0,75 R ( n -0,10) 
 
The critical (limit) pulling speed (rate) was established by using the relation: 
 
V0 = 1,4 gd ln h /(7d) , where 
 
V0 = critical pulling speed function to the discharge depth h and the diameter of the particles d 
which will seek the bottom, in m/s. 
g = acceleration due to gravity, in m/s2. 
 
The compensation (equilibrium) slope is established as follows: 
 
Ip = V02/(C2R) 
 
For the lay-out (alignment) of the discharge (sewerage) net we used the lay-out with 
contour lines at a scale of 1: 2000, fulfilled by the Real Estate Registry and Real Estate 
Advertizing Arad. The type of the soil characteristic for  the areas in which the research was 
carried out is a brown erratic one (alluvial soil) having a  clayey – argillaceous texture. 
Two  types of  consolidation of the outlets were taken into consideration: 
V1 = mechanical  consolidation with stone masonry; 
V2 = biological  consolidation by grassing. 
 
RESULTS AND DISCUSSIONS 
 
The results concerning the construction elements of the slope ditches are shown in table 
1. For the determination of size there were taken into consideration the ditches type III, with 
the dimensions of 0,50 m - depth of the ditch, 0,50 m – depth at the bottom of the ditch, 0,20 
m active  hight of the ditch and 1 the slope coefficient. On the basis of the dimensioning 
calculations, for a slope of 7,83 %, the discharged water volume was of 22879 m3 from a 
surface of 65,37 ha, and the distance between the ditches is of 21 m (table 2). 
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Table 1 
Construction elements of the slope ditches in area of the town Lipova (2007) 
 
Depth of the ditch 
(m) 
Width at the bottom  of 
the ditch, (m) 
Active hight of the dike 
(m) Slope coefficient 
0,50 0,50 0,20 1,00 
 
Table 2  
The discharged water volume and the distance between the slope ditches in Lipova area (2007) 
 
Slope of the 








the ditches (m) 
Number of 
ditches 
7,83 22879 0,735 0,035 21 50 
 
The building and hydraulic elements of the outlet were established function to the 
quantity of the discharged flow from the corresponding area (table 3). For the mechanical 
consolidation by stone masonry it was established an admissible velocity of 5 m/s, and the 
velocity of non deposition in flow was of 0,527 m/s, and the optimum section from the 
hydraulic point of view was of 1,032 m2 with a width of the bottom of the bed of 1,12 m, and 
the depth of the water of 0,60 m (table 3). 
In case of the consolidation by grassing, the admissible velocity is of 0,9 m/s, resulting 
an outlet section of 5.731 m2,  and the width of the bottom of the bed of 6,36 m, and the depth 
of the water of 0,80 m.       
 
Table 3  
The building and hydraulic elements of the outlet in area of the town Lipova (2007) 
 















V1 5,158 5 0,527 1,032 1,12 0,60 0,36 2,817 
V2 5,158 0,9 0,527 5,731 6,36 0,80 0,66 8,622 
 
The determination of the compensation slope was carried out by verifying the velocity 
of water discharge resulting in case of the mechanical consolidation  type by stone masonry a 
maximum slope of  7 % with a velocity of discharge of 4,96 m/s, and in case of consolidation 
by grassing a slope of 0,09 % at a velocity of 0,9 m /s. (table 4). 
Under these circumstances the adopted consolidation variant is the mechanical one 
because the slope of the bottom of the outlet may be designed  at a value  close to the  value 
of the hill side slope, and the consolidation material may be found in the region because in the 









 Table 4 
The verification of the velocity of water discharge in area of the town Lipova (2007) 
 






























The researches were carried out in the hill area of the town Lipova, county of Arad, with 
a view to antierosion developing of a hill side in order to intercept the surface water floods 
resulting from the rain-falls in the vegetation period. 
For the mechanical consolidation by stone masonry it was established an admissible 
velocity of 5 m/s, and the velocity of non deposition in flow was of 0,527 m/s, and the 
optimum section from the hydraulic point of view was of 1,032 m2 with a width of the bottom 
of the bed of 1,12 m, and the depth of the water of 0,60 m. 
The maximum value of the slope of the outlet bottom in case of mechanical 
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